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Table 3. Effect of protein level and sex on organ weighta
Sex Barrow Gilt
Item CP, % 13 16 19 22 25 13 16 19 22 25
Liver, gc 1340 1385 1441 1704 1655 1395 1500 1649 1588 1816
Heart, g   419   351   444   400   387   371   354   400   373   399
Kidney, gbc   336   288   328   381   382   315   372   417   402    442
Spleen, g   193   157   192   156   165   188   152   172   173   167
Pancreas, gd   114   134   138   134   126   111   132   140   139   166
Stomach, gb   554   545   535   539   529   573   672   567   563   579
Small intestine, g 1421 1300 1361 1453 1540 1237 1425 1363 1562 1437
Large intestine, g 1036 1156   987 1063 1142   975 1165 1068 1026 1045
Leaf fat, g 2629 2023 1821 2328 2106 2557 1693 2295 2094 2011
Mesentery tissue, gc 1893 1859 1522 1882 1432 1785 1835 1893 1549 1583
aFinal empty-body weight was used as a covariate in the statistical analysis. Empty-body weight = (live weight
minus gastrointestinal contents).
bMain effect of sex (P<.01).
cLinear effect of protein (P<.01).
dLinear effect of protein (P<.05).
reflected that greater amounts of pan-
creatic enzymes were required to
digest the larger quantity of protein
consumed by pigs fed the high protein
diets. These data indirectly suggest
that maintenance energy requirements
of barrows and gilts may be increased
as dietary protein concentration is
increased, even though there was no
significant reduction in growth rate or
feed efficiency.
1Hsin-Yi Chen is a graduate student, Austin J.
Lewis is a Professor, and Phillip S. Miller is an
Assistant Professor in the Department of Animal
Science.
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Summary and Implications
An experiment with growing-fin-
ishing pigs was conducted to evaluate
the effects of a corn-soybean meal diet
supplemented with crystalline amino
acids in an ideal pattern for the first
four limiting amino acids (lysine, tryp-
tophan, threonine, and methionine) on
growth performance, plasma urea con-
centration, and carcass characteris-
tics in barrows and gilts. Barrows were
pair-fed to gilts within the same di-
etary treatment. For the entire grow-
ing-finishing period, there was a diet x
sex interaction for daily gain and feed
efficiency. Barrows and gilts consum-
ing a corn-soybean meal diet performed
similarly; however, barrows receiving
diets formulated on an ideal protein
basis had a 10 percent lower daily
gain and a four percent lower daily
feed intake than gilts. Barrows and
gilts receiving the ideal protein diet
gained weight more slowly and con-
sumed less feed during the growing-
finishing period than did pigs receiv-
ing the intact corn-soybean diet. Diet
did not affect the percent lean in the
carcass. Plasma urea concentrations
showed that nitrogen was conserved in
pigs consuming the ideal protein vs
intact corn-soybean meal diet. Differ-
ences in plasma urea concentration
were not observed between barrows
and gilts within either treatment. These
results indicate there is no advantage
in terms of daily gain and feed effi-
ciency of providing growing-finishing
pigs an ideal protein diet. However,
feeding an ideal protein diet will re-
duce the amount of nitrogen the pig
wastes. Future research will focus on
the effects of ideal protein diets on
nitrogen excretion and amino acid
utilization.
Introduction
The concept of ideal protein is
currently being reviewed by swine nu-
tritionists. An ideal protein is one that
supplies essential amino acids and
nonessential nitrogen in the exact pro-
portions to meet the requirements for
maintenance and growth. Therefore,
no amino acid deficiencies or excesses
exist with ideal protein diets. Because
grain-soybean meal diets do not have
an ideal amino acid pattern, excess
protein must be provided to meet the
amino acid requirement for the first
limiting amino acid (e.g., lysine). Con-
sequently, many other amino acids are
consumed in excess of the requirement
for growth and must be broken down
and converted to energy or fat. This
breakdown of amino acids results in
the production of urea and the excre-
tion of nitrogen (urea; (NH2-CO-NH2)).
One strategy is to use the ideal
protein concept to reduce the amount
of nitrogen excreted by growing-
finishing pigs consuming grain-
soybean meal diets. However, it is
important to recognize that growth
performance may also be affected.
The primary objective of this ex-
periment was to examine the effects on
growth response, carcass characteris-
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Table 1. Diet composition (%) and calculated chemical analysis (as-fed basis).
Item Phase 1a Phase 2a
Diet, INTACTb IDEALb INTACT IDEAL
Corn 66.60 78.25 74.40 85.30
Soybean meal, 46.5% CP 28.90 16.35 21.20 9.50
Tallow 2.00 2.00 2.00 2.00
Dicalcium phosphate .95 1.20 .90 1.10
Limestone .45 .40 .40 .35
Salt .30 .30 .30 .30
Vitamin mix .70 .70 .70 .70
Trace mineral mix .10 .10 .10 .10
L-lysine•HCl — .39 — .36
L-threonine — .15 — .13
DL-methionine — .10 — .08
L-tryptophan — .04 — .05
Calculated composition
Crude protein, % 19.1 14.6 16.2 12.0
Lysine, % 1.00 .97 .80 .77
Calcium, % .65 .66 .60 .60
Phosphorus, % .55 .55 .55 .55
Metabolizable energy, Mcal/lb 1.53 1.52 1.54 1.53
aPhase 1 = 58.6 to 113 lb; phase 2 = 113 to 237 lb.
bINTACT = corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
Table 2. Total and apparent ileal digestible amino acid compositions of diets (as-fed basis).
Item Phase 1a Phase 2a
Diet, INTACTb IDEALb INTACT IDEAL
Lysine, % 1.00(.84)c .97(.84) .80(.66) .77(.66)
Tryptophan, % .24(.18) .22(.16) .20(.14) .19(.13)
Threonine, % .73(.56) .71(.56) .63(.47) .60(.46)
Methionine + cysteine, % .61(.53) .61(.53) .55(.47) .53(.46)
Isoleucine, % .81(.68) .60(.50) .68(.57) .49(.40)
Valine, % .90(.79) .71(.60) .78(.68) .60(.50)
aPhase 1 = 58.6 to 113 lb; phase 2 = 113 to 237 lb.
bINTACT = corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
cValues in parentheses represent calculated apparent ileal digestible percentages.
tics, and plasma urea concentration of
growing-finishing pigs fed corn-soy-
bean-meal-amino acid supplemented
diets formulated on an ideal protein
basis for the first four limiting amino
acids. Secondly, we attempted to com-
pare the responses of barrows and gilts
by pair-feeding the barrows to the feed
intake of the gilts.
Procedures
Thirty-six crossbred pigs (18 gilts
and 18 barrows) with an initial weight
of 58.6 lb were used in an experiment
with a randomized-complete block ar-
rangement of treatments and animals.
All pigs were individually penned in
one environmentally controlled room
kept at 72oF. Pigs remained on the
study for 98 days. Pigs were weighed,
feed disappearance was determined,
and blood samples were taken weekly.
Plasma samples were subsequently
analyzed for urea. At the end of the
experiment, pigs were shipped to a
packer in northwestern Iowa. Carcass
characteristics were acquired from re-
lationships derived using Total Body
Electrical Conductivity (TOBEC). These
included ham weight, loin weight, shoul-
der weight, and carcass lean percent-
age (5% fat basis).
The dietary treatments used in the
experiment are presented in Table 1.
Phase 1 diets were offered until pig
weight was approximately 113 lb (4
weeks). Phase 2 diets were provided
from 113 to approximately 237 lb.
Within each phase, corn-soybean meal
(INTACT) or corn-soybean meal-amino
acid supplemented (IDEAL) diets were
fed. Nine gilts and nine barrows re-
ceived one of the aforementioned di-
etary treatments. One gilt allotted to
the INTACT diet died and was not
included in the statistical analysis. In
addition, carcass weights and charac-
teristics of three barrows receiving the
IDEAL diets were not included in the
statistical analysis. In the IDEAL
diets, the protein concentration was
reduced approximately four percent
from the INTACT diet (19.1 to 14.6%,
Phase 1; 16.2 to 12%, Phase 2). Crys-
talline amino acids (lysine, threonine,
methionine, and tryptophan) were
gilt treatment group (three- or four-
day average). Average feed intake of
the gilt groups was expressed per unit
of body weight. This factor was multi-
plied by individual barrow weight to
determine the daily feed allowance for
each barrow.
Results and Discussion
The performance of barrows and
gilts consuming the INTACT and
IDEAL diets for Phase 1, Phase 2, and
the overall growing-finishing period
is presented in Table 3. Although bar-
rows were heavier at the start of the
experiment, initial weight was not used
as a covariate.
During Phase 1, gilts consumed
added to the IDEAL diet to meet the
lysine concentration of the INTACT
diet and provide an amino acid pattern
(relative to lysine) similar to the ideal
pattern developed at the University
of Illinois. The lysine percentages
between the INTACT and IDEAL
diets presented in Table 1 differ slightly
to allow for differences in amino acid
digestibility. The concentration of lysine
and the ratios used for the next three
limiting amino acids were based on
calculated apparent ileal digestible
values (Table 2).
Gilts had ad libitum access to the
respective Phase 1 and 2 diets and to
water during the entire experiment.
Barrows were pair-fed according to
the mean feed intake of the respective
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more feed (P < .05) and gained more
weight (P < .05) than barrows. Bar-
rows fed the IDEAL diet during Phase
1 had a 14 percent lower average daily
gain (ADG) compared to gilts con-
suming the same diet; however, bar-
rows and gilts fed the INTACT diet
gained similarly (diet x sex, P < .05).
Compared to gilts, feed efficiency was
reduced in barrows consuming the
IDEAL diet but not the INTACT diet
(diet x sex, P < .05).
Barrows and gilts receiving the
IDEAL diet consumed less feed (P <
.05) and had lower ADG (P < .05) than
barrows and gilts consuming the IN-
TACT diet during Phase 2. Likewise,
averaged for the entire experimental
period, pigs consuming the INTACT
diet gained weight 10 percent faster (P
< .05) and consumed six percent more
feed than pigs in the IDEAL group.
The diet x sex interaction (P < .05) for
ADG and feed efficiency was a result
of the reduced ADG observed for bar-
rows consuming the IDEAL diet.
Performance criteria suggest
that the pair-feeding of barrows to
gilts resulted in similar feed intakes
for barrows and gilts consuming the
INTACT diets. However, for the
entire growing-finishing period, bar-
rows had a 10 percent lower ADG
and a four percent lower average
daily feed intake (ADFI) than gilts
receiving the IDEAL diet. There-
fore, for the entire experimental
period, gilts seemed to utilize the
IDEAL diet more efficiently than
barrows.
The reduction in feed efficiency
and(or) the efficiency of amino acid
utilization in barrows vs gilts con-
suming the IDEAL diets not only
reduced ADG, but also reduced the
pair-feeding allotment (barrows feed
allotment was calculated according
to body weight). This observation in
part could be a result of barrows
receiving their feed allotment once
daily rather than in two to three allot-
ments during a 24-hour period. The
efficiency of lysine utilization from
amino-acid supplemented diets can
be reduced if the feed is consumed
over a short time period. However,
Table 3. Performance criteria of barrows and gilts consuming intact corn-soybean meal and ideal
protein diets.
Itema Diet, INTACTb IDEALb
Sex, Gilts Barrows Gilts Barrows SEMc
No. of pigs 8 9 9 9
Phase 1
Initial wt., lbe 57.4 59.4 58.0 59.4 .80
Final wt., lbf 112.3 113.3 116.2 109.4 1.83
ADG, lbe,f 1.96 1.92 2.08 1.78 .05
ADFI, lbe 4.95 4.75 5.13 4.67 .12
Gain/feedf .40 .41 .41 .38 .01
Phase 2
Final wt., lbd,f 241.1 245.8 239.2 222.8 4.83
ADG, lbd 1.84 1.89 1.76 1.62 .06
ADFI, lbd 5.54 5.63 5.17 5.09 .14
Gain/feed .33 .34 .34 .32 .01
Overall
ADG, lbd,f 1.87 1.90 1.85 1.67 .05
ADFI, lbd 5.37 5.38 5.16 4.97 .12
Gain/feedf .35 .35 .36 .34 .01
aADG = average daily gain, ADFI = average daily feed intake, and gain/feed = feed efficiency.
bINTACT = corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
cStandard error of the mean.
dDiet effect, P < .05.
eSex effect, P < .05.
fDiet x sex interaction, P < .05.
Table 4. Carcass weight and characteristics of barrows and gilts consuming intact corn-soybean
meal and ideal protein dietsa.
Item Diet, INTACTb IDEALb
Sex, Gilts Barrows Gilts Barrows SEMc
No. of pigs 8 9 9 6
Carcass wt., lbd,f 181.0 185.5 180.8 170.4 3.60
Ham wt, lb 17.9 17.7 18.6 16.0 .74
Loin wt, lb 23.5 23.9 23.8 23.4 .55
Shoulder wt, lbe,f 23.5 23.3 23.9 21.4 .60
Primal cut wt/carcass wt, % 35.8 35.0 36.6 35.7 1.24
Lean, % of carcass wtg 45.8 45.9 46.4 45.8 1.06
aAll carcass characteristics were determined using Total Body Electrical Conductivity (TOBEC). Individual
carcass data were obtained from Sioux-Preme Packing; Sioux Center, IA.
bINTACT = corn-soybean meal diet; IDEAL = corn-soybean meal-amino acid supplemented diet.
cStandard error of the mean.
dDiet effect, P < .05.
eSex effect, P < .05.
fDiet x sex interaction, P < .1.
g5% fat basis.
this is not supported by the response
of plasma urea concentrations
observed in this study (Figure 1).
Barrows and gilts consuming the
IDEAL diets had reduced plasma
urea concentrations compared to
barrows and gilts receiving the
INTACT diets. Within both the
INTACT and IDEAL treatments,
plasma urea was similar for barrows
and gilts. These latter observations are
consistent with reduced crude protein
(nitrogen) content of the IDEAL diets.
Carcass characteristics are pre-
sented in Table 4. The diet x sex inter-
(Continued on next page)
30
Epinephrine and Energy Mobilization by
Lactating Sows
Plasma Urea
50
40
30
20
10
0
Pl
as
m
a u
re
a,
 m
g/
dL
Initial 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Week
INTACT
IDEAL
Diet Change
Barrows Barrows Gilts Gilts
Intact Ideal Intact Ideal
actions (P < .1) observed for carcass
and shoulder weight were due to the
low values observed for the barrows
receiving the IDEAL diet. For bar-
rows, carcass weight was eight percent
lower in the IDEAL vs INTACT diets.
Diet did not affect any of the other
carcass characteristics evaluated.
Although growth rate was reduced in
barrows vs gilts consuming the IDEAL
diet (see Table 3), there was a numeri-
cal decrease in the carcass lean per-
centage of the barrows (barrows, 45.8%;
gilts 46.4%).
Conclusions
Growth performance was not af-
fected in gilts receiving IDEAL vs
INTACT diets during the growing-
finishing period. Although attempts
were made to pair-feed barrow to gilts,
the decreased feed efficiency of the
barrows consuming the IDEAL diets
resulted in reduced ADFI and ADG
compared to gilts. However, we recog-
nize that the pair-feeding regimen may
have accentuated differences in growth
performance between barrows and gilts
consuming the IDEAL diets. Plasma
urea concentration during the grow-
ing-finishing period was reduced in
pigs consuming the IDEAL diet. There
did not seem to be differences in plasma
urea concentration between barrows
and gilts receiving either diet.
1Phillip S. Miller is an Assistant Professor,
Austin J. Lewis is a Professor, Cynthia K. Wolverton
is a Research Technologist, and Christopher A.
Borland is an Undergraduate Student.
Figure 1. The response of plasma urea in barrows and gilts consuming corn-soybean (INTACT) or corn-soybean meal-amino acid supplemented (IDEAL)
diets during a 14-week growing-finishing period.
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Summary and Implications
Research was conducted to deter-
mine the optimal dosage of epi-
nephrine (adrenalin) for use as an in
vitro diagnostic tool to measure
changes in the mobilization of
energy from body tissues.  Doses of
epinephrine were .1, .2, .4, .8, 1.2,
and 1.6 µg/kg of body weight.
Blood samples were collected from
15 minutes before epinephrine
infusion through 120 minutes post
infusion. Samples were analyzed
for nonesteri-fied fatty acid
(NEFA) and glucose content. Linear
increases in NEFA and glucose
were found for increasing dosages
of epinephrine, along with a quadratic
effect for some of the NEFA data
because of a hypersensitive re-
sponse to epinephrine at the low-
est two levels. These data, although
not establishing an optimal dosage
of epinephrine, have shown that
the lactating sow is capable of
responding to increasing concent
rations of epinephrine by increas-
ing energy mobilization from body
tissues and that the dosages of
epinephrine used were insufficient
